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    河口区营养盐、叶绿素 a、COD 浓度的水平和高值范围，与径流陆源性污染
负荷具有显著的正相关性。北部湾海域的污染负荷定量试验表明，粤西沿岸水的
营养盐和 COD 浓度水平若增减 20%，将造成琼州海峡西口的无机氮在 0.04 mg/L
背景浓度的水平上相应增减约 0.01 mg/L，增减幅度约 25%；COD 从 0.3 mg/L 的
背景浓度相应增减约 0.05 mg/L，增减幅度约 1/6。琼州海峡西口海域，广东沿岸
水的营养盐和 COD 浓度若增 20%，浮游植物则增长约 10%；营养盐和 COD 浓





































    Marine plankton is the foundation of food chain in marine ecosystem. As the 
primary producers, phytoplankton can turn the inorganic matter such as nutrients into 
organic matter by photosynthesis, which lays the foundation of energy flow and 
material cycle of marine ecological system. Tonkin Gulf is one of the Four Major 
Fishing Grounds in China and rich of fisheries resources. In recent years, Tonkin Gulf 
has a rapid development of economic. It is important to study the spatial and temporal 
distribution of ecological variables and the influence by physical and interface process 
in Tonkin Gulf，which can provide the theory basis for the scientific development and 
utilization of biological resources in Tonkin Gulf, and it also can provide theoretical 
support for environmental protection of Tonkin Gulf.  
    The traditional way to study marine ecosystem is field inverstigation and 
theoretical analysis. Field inverstigation needs much energy and money, and it is also 
difficult to obtain real-time and synchronous data due to the restriction of observation 
conditions. Theoretical analysis trys to express marine ecosystem by the mathematical 
equations, but we can only get some simplified analytical solution of the ideal state. 
However, marine ecosystem model can study the changing rule of the marine 
ecological process and the forcing effect of the physical processes on the ecological 
system. 
    Based on the three-dimensional hydrodynamic model, the study establishes a 
NPZD ecological model, which includes ten ecological variables, and it also contain 
nitrogen and phosphorus nutrient cycle. We will simulate the seasonal distribution 
characteristics of ecological variables such as phytoplankton biomass, zooplankton 
biomass and nutrients in Tonkin Gulf by numerical model, and discuss the effect of 
important interface on the transportation of nutrients and the response of Tonkin Gulf 
ecosystem. 
    The result shows that the high nutrients water of Guangdong nearshore will be  
transported to the west side of Qiongzhou Strait, even to the the central aera of Tonkin 
















nutrient and high chlorophyll a concentration in the region. As the nutrients of the 
Tonkin Gulf are mainly from the runoff in summer, the consentration of chlorophyll a, 
zooplankton and nutrients is high near the estuary region. Zooplankton biomass in 
summer is significantly higher than in winter because the high temperature in summer 
is more suitable for the growth of zooplankton. The vertical distribution of different 
ecological variables is more uniform in winter, while there is a certain degree of 
stratification in summer. Nutrients of the water in bottom layer are higher than in 
surface layer in the middle of the gulf. The maximum of chlorophyll a occurs in the 
middle layer, as a result of restricted surface low nutrients. According to the Time 
series analysis of the regional representative stations, the variation of tidal amplitude 
will have influence on the diurnal variation ecological variables. The diurnal variation 
of nutrients and Chemical Oxygen Demand(COD) near estuary aera is mainly 
affected by the terrestrial transport, and chlorophyll a is mainly affected by diurnal 
variation of solar radiation. The growth speed of phytoplankton in the surface layer 
will become slowly in noon because the solar radiation is too strong. The nutrients 
and chlorophyll a near the west mouth of Qiongzhou Strait are mainly affected by the 
Qiongzhou Strait advection of nutrients and chlorophyll a. The diurnal variation of 
ecological variables will also be affected by the change of the tidal morphology 
outside the gulf and in the middle of the gulf. 
    With the increase of runoff nutrient load into the Tonkin Gulf，the concentration 
of  nutrients, chlorophyll a and COD will become higher near the estuary aera,and the 
high concentration region of ecological variables also grows more bigger. In this 
study, we conducted a numerical test by changing the concentration of nutrients and 
COD from the Guangdong costal water. The result shows that if the concentration of 
nutrients and COD increased or decreased by 20%, the phytoplankton concentration 
will increase or decrease by 10% and inorganic nitrogen will increase or decrease by 
25%, COD will increase or decrease by 1/6.  
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第一章  引言 
1.1  研究意义 
海洋是一个巨大的资源宝库，也是人类社会经济可持续发展的基础。我国沿
海地区城市化程度高，人口密集，经济发达，占全国陆地面积 13%的沿海经济带





















































1.2.1  模型分类及国外研究进展 
海洋生态动力学模型的研究，国外始于 20 世纪 40 年代， Riley 和 Stommel
等（1949）建立了第一代生态动力学模型，对浮游植物和浮游动物进行了模拟。
随着计算条件的改善, 生态模型有了较大的发展,考虑的状态变量逐渐增多，时
间分辨率也有显著提高, 相继出现了 NP、NPZ 、NPD、NPZD、NPZDB 等模



























性的是欧洲区域海洋生态模型(Euroean Regional Sea Ecosystem Model,ERSEM)
（Baretta，1995），它将整个北海分成 15 个箱，深水区分上下两个箱，考虑了 2
种浮游植物、5 种营养盐、以及浮游动物、鱼类、底栖生物等共 51 个状态变量。












开阔的大洋区域，常用于研究年际变化。Riley 等最早于 1949 年建立的模型就是
一维模型（Riley，1949）。Radach 等（1993）用实际气象条件驱动，模拟了北海






包含 2 种浮游植物、2 种浮游动物、2 种碎屑和 2 种营养盐，模拟太平洋中部和













第一章  引言 
4 
 








简单的生物过程（例如只包括生产、呼吸、死亡的 N、P、Z、D 模型）， 而重
点考虑在实际气象条件驱动下的较完整的物理过程。Walsh 等（2005）用三维海
洋生态动力学模型, 研究了北极楚科奇海/波弗特海 2002 年浮游生物的变化和
氮、硅和溶解有机碳的循环。Hanse 等（2009）耦合 HYCOM 水动力模型和三
维海洋生态动力学模型 NORWECOM，对中尺度涡旋活动频繁的挪威西海岸
1995 年初级生产力的变化过程进行模拟，并讨论了不同水平网格分辨率的模拟




强 。Chai 等（2009）耦合 ROMS 和海洋碳循环模式（CoSINE）模拟南海海-
气碳通量的季节变化，发现南海在春、夏、秋季是大气 CO2 的源，而冬季是大
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1.2.2  国内研究进展 
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